PROCESS FOR MANUFACTURING CONTINUOUS POLYESTER FILAMENT YARN 



U^lL invention pertains to a process for manufacturing polyester 
f ' fiWnt yarn for technical applications by spinning a polymer over 

90% \f the chains of which are composed of ethylene terephthalate 
5 units\ith the spinning process having the following elements: 

- extruding the polymer in the molten state through a spinneret 

jaws 

i«i pi ate, \ 

□ - passing\he thus formed filaments through a heated zone and a 

C3 cooling zotae in that order, 

• • n 10 \ j 

. fixing the f4 lament speed, 

J - drawing the >i laments to a length of 1,5 to 3,5 times their 

* original length\and 

U - winding the resulting filament yarn, 

fu with all elements being covered in a single process pass. 

rl 15 

S! <\vb Wh a process is well-known. For instance. European patent 
CH application EP 80 906 describes a process for the production of 
/ poWster filament yarn for technical applications by melt-spinning a 
„ polyester-containing polymer in which all process elements are covered 
20 in \ single process pass. Such a process is also known as a one-step 
process. It is indicated in this publication that in such a process it 
is preferred to select a winding speed of less than 5500 m/min, since 
higherVinding speeds will give rise to fomentation and difficulty 
25 in operation. 

However, an increase in the winding speed is desired. When 
manufacturing polyester filament yarn for technical applications on an 
industrial scale, it is advantageous to produce the largest possible 
, n quantity of yarn per unit of time on an appropriate apparatus One of 
30 the ways of increasing the quantity of yarn produced per unit of time 
lies in a higher winding speed. 
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patent specification No. 4,491,657 also discloses the process 
/ mentioned in the opening paragraph. This patent specification states 
th\»t the winding speed of the yarn in such a one-step process is not 
1e\s than 6,5 km/mi n. However, there are no examples in this patent 
specification of polyester filament yarns for technical applications 
made\ by such a one-step process at such a winding speed, nor is there 
any teaching on how to solve the problems which were found to occur 
5 when Wing polyester filament yarns for technical applications at 
such winding speeds. 

5 Patent application WO 90/00638 indicates that in a one-step spinning 

B process an increase in the spinning speed goes hand in hand with 

fr} 10 increased crystallinity of the as yet undrawn filaments. Yarn wound at 
'1 a speed of about 4800 m/min can be obtained from undrawn filaments 

I? having a crystallinity in the range of 13 to 18%. 

^ /he invention pertains to a process which makes it possible to 
15 manufacture polyester filament yarn for technical applications at h ig h 
winding speeds without the aforementioned problems occurring. The term 
winding speed in this context is defined as the peripheral velocity of 
h * v the package being wound. 

invention consists in that when manufacturing polyester filament 
S^v, ^yarV for technical applications in the manner described in the opening 

^ 6 paraV a P h « 

filaments prior to being drawn have a crystallinity smaller 

thaV» 16% and 

- the\inding speed of the yarn is larger than 6000 m/min. 

Surprisingly, it has proved possible to make polyester yarn for 
technical applications using a higher winding speed than the one 
comnonly used so far when manufacturing such a yarn. The process 
30 conditions selected should be such that at a yarn winding speed above 
6000 m/min, the crystallinity of the undrawn filaments is smaller than 
16%.' 
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It was found that if at such winding speeds the undrawn filaments have 
' a crystal linity in excess of 16%, the result will be an unstable 
spinning process with a great deal of fi lamentation in the drawn yarn 
or a process which does not result in a yarn with advantageous use 
properties. 

The crystallinity of the undrawn filaments can, e.g., be affected by: 
the polymer viscosity, the spinning temperature, the length of the 
heated zone, the temperature in the heated zone, the degree of cooling 
in the cooling zone, and the mass per unit length (linear density) of 
the filaments. 

$*fy\ik is preferred, when making polyester filament yarn for technical 
10 /applications according to the invention, to employ polyester polymer 
at\least 90% of the polymer chains of which are composed of ethylene 
terex>hthalate units and which has a relative viscosity (nre}) of 2 » 04 
to 2\60. preferably of 2,04 to 2.42, more in particular of 2.15 to 
2, 35 A All other process conditions remaining unchanged, a lower 
15 relative viscosity of the polymer will generally lead to a lower 
crystal mnity of the undrawn filaments. 

is preferred, when making polyester filament yarn with advantageous 
,o / uL properties according to the invention, to employ polyester polymer 
wifiti a 0£G (diethylene glycol) content of less than 2,5 wt.%. 
especially of less than 1 wt.%, more particularly of less than 0,8 
wt.%\ This can be achieved, e.g., by using dimethyl terephthalate as 
one oVthe constituents in the polymerisation reaction. All other 
processVconditions remaining unchanged, a reduction of the OEG content 
in the pWer will generally lead to an increase in the crystallinity 
of the unarawn filaments. 

Further, the polymerisation reaction is preferably carried out such 
that the polymer obtained will have a low carboxyl end groups content. 
In the polymer to be spun this content preferably is less than 15, 
more particularly less than 10, mi Hi -equivalents/kg. Such can be 
achieved, e.g., by performing the polymerisation reaction under .mid 
conditions. , 

For the stability of the spinning process it is preferred that the 



25 



30 



4 



polymer contain as few impurities, such as dust and other minute 
particles, as possible. Alternatively, adjuvants such as titanium 
dioxide may be added to the polymer to improve the spinning behaviour. 
Furthermore, it is preferred for the polymer to be as completely 
anhydrous as possible. The polymer preferably contains less than 40 
ppm, more particularly less than 20 ppm, of water. 

The polymer is fed to a spinneret plate in the molten state. 
means of an extruder. To this end small pieces of polymer (so-called 
polymer chips) can be charged to an extruder, the temperature In the 
extruder causing the chips to melt. The extruder feeds a spinning 
pump, which conveys the most constant polymer stream possible to a 
spinneret plate. The spinneret plate is heated to a temperature in the 
range of T m to T m+ 100'C. with T m representing the melting temperature 
of the polymer, preferably to a temperature in the range of T B +20 C to 
T + 70»C All other process conditions remaining unchanged, an increase 
in the spinning temperature will generally lead to a reduction of the 
crystal linity of the undrawn filaments. 

Preferably, a single spinneret plate is employed to spin the total 
number of filaments of one bundle. The spinneret plate preferably has 
100 to 1000 spinning orifices, more particularly 200 to 400 spinning 
orifices. All other process conditions (such as the total polymer 
throughput through all the spinning orifices) refining unchanged 
reducing the number of spinning orifices will generally lead to a 
reduction of the crystal linity of the undrawn filaments. 

If so desired, additional members can be placed between the extruder, 
the spinning pump, and the spinneret plate, such as filters to c ear 
the polymer stream of minute particles, static or dynamic mixers to 
homogenise the polymer stream, or heat exchangers to adjust the 
temperature of the polymer stream. 

*A minimise the differences among the filaments in the bundle as much 
/.I possible, it is preferred that the spinning orifices b. distributed 
0 L the spinneret plate in a regular pattern. The capillary inlet 
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\pening may be variously shaped, e.g., conically, like a trumpet, or 
X some other shape known to the skilled person, to facilitate the 
pAlymer inflow. The capillary outlet opening preferably is 
cylindrical, the length/diameter ratio (L/0 ratio) being 0,5 to 5, 
mor\ particularly 1 to 3. Alternatively, the capillary's shape may be 
such\as will exert a positive, constant elongation of flow on the 
polymier stream. 

The throughput per spinning orifice is dependent on the desired 
filament count of the drawn filaments and the spinning rate. 

As is customary in melt-spinning processes, the arrangement of the 
spinneret plate is such that the capillaries are as parallel with the 
filament discharge direction as possible. To ensure that the possible 
differences in temperature in the spinneret plate are kept as low as 
possible during the spinning process, the spinneret plate can be 
heated from the bottom, e.g., by infrared heaters. Examples of such 
thermal radiators are provided in Netherlands patent applications 
NL 7001370 and NL 7001573. 

Immediately beneath the spinneret plate is a heated zone, where such a 
temperature is set as can lead to plastic deformation of the newly 
formed filaments. The heated zone may take the form of a heated tube 
of sufficiently large dimensions to ensure unimpeded passage of all 
the filaments. The selected cross-section of the heated tube may be 
the same as. e.g.. the cross-section of the spinneret plate. It is 
preferred to heat this tube in such a way as to give the most 
homogeneous temperature possible crosswise in the tube, while in the 
tube's longitudinal direction the temperature is as homogeneous as 
possible or else subject to gradual change. The temperature in the 
heated tube on the side abutting against the spinneret plate is in the 
range of T m to T m+ 150-C. preferably in the range, of T m+ 30»C to 
V-100'C. If the temperature is subject to gradual change in the 
tube's longitudinal direction, it is generally highest on the side of 
the tube abutting against the spinneret plate (the top). In that case 
the temperature at the bottom of the tube is preferably in the range 
of T m -100°C to T m . Alternatively, the temperature at the top of the 
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tube may be lower than the temperature at the bottom. The desired 
temperature in this zone can be reached not only by heating the tube 
but also by blowing in a heated gas, e.g.. heated nitrogen or air. 
All other process conditions remaining unchanged, increasing the 
temperature in the heated zone will generally result in a reduction of 
the crystal linity of the undrawn filaments, 
he length of the heated zone ranges from 0,05 to 1,00 m, more 
^rticularly from 0,15 to 0,50 m. All other process conditions 
rLining unchanged, extending the heated zone will generally result 
" reduction of the crystal 1 inity of the undrawn filaments. 

Subsequent to the heated zone there is a cooling zone. In this zone 
the temperature of the filaments is lowered to below the glass 
transition temperature T g . Cooling can be carried out in various ways 
known to the skilled person. For instance, the filaments can be passed 
through a layer of gas of sufficiently low temperature, or a gas of 
sufficiently low temperature can be blown in the direction of the 
filaments. It is preferred in this case to cool the filaments as 
evenly as possible, preferably with care being taken to ensure minimal 
differences among the filaments in the bundle. Such can be achieved 
e g by blowing air at the filament bundle from all sides. A highly 
suitable embodiment of the invention consists in passing the filament 
bundle through a tube which has a sufficiently large cross-section for 
the unimpeded passage of all filaments and a perforated or porous 
wall eg., a tube of sintered metal or wire mesh. A gas ot 
sufficiently high temperature can be sucked into the tube from the 
outside by the filament bundle's speed, a process known as 
-self-suction." It is preferred, however, to blow a gas of 
sufficiently high temperature, e.g.. air. through the tube at the 
filament bundle, preferably with special attention being given to 
homogeneous blowing at the yarn from all sides. The gas. preferably has 
a temperature in the range of 10- to 100'C. more particularly in the 
range of 20" to 60'C. The quantity of gas introduced is dependent on 
the spinning speed and is preferably in the range of 50 to 500 
Nm3/hour. The air velocity in the cooling zone preferably is in the 
range of 5 to 100 cm/s, more particularly in the range of 10 to 4o 
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cm/s. The air velocity is measured on the inside of the tube, along 
its wall in a direction perpendicular to the direction of running of 
the yarn. 

To further improve the running behaviour of the filament bundle there 
may be a small opening between the heated zone and the cooling zone, 
to allow air to be released from the top of the cooling zone. 
In a highly suitable embodiment of the process according to the 
invention the flow resistance to gas of the wall of the perforated 
tube in the cooling zone is not constant over the entire length of the 
tube, e.g., the flow resistance of the tube wall is lower at the top 
of the tube than at its bottom, or the flow resistance in the middle 
of the tube differs from that at its top or bottom. 
All other process conditions remaining unchanged, increasing the air 
velocity in the cooling zone will generally result in an increase in 
the crystal 1 inity of the undrawn filaments. 

When the filament bundle leaves the cooling zone, the bundle's 
temperature should be low enough for it to be passed over or along 
rotating or static guiding elements without the filaments or the 
bundle being permanently deformed. To facilitate further processing of 
the filament bundle, the filaments can be finished beyond the cooling 
zone. This finish can serve, e.g., to facilitate the drawing of the 
filaments or to reduce their static load. The finish can be applied 
with various finish applicators, such as a kiss roll or a finish 
wheel . 

After the filament bundle has left the cooling zone and. if so 
desired, a finish has been applied to the filaments, the speed of the 
bundle (the spinning speed) is fixed, e.g., by passing the bundle 
several times across one or more godets (the first pair of godets). If 
the yarn is passed across several godets, the speed of .the godets 
preferably is such that there is no drawing between the godets. The 
godets can be heated if so desired. The spinning speed preferably is 
higher than 2500 m/min, especially higher than 3500 m/min, more 
.particularly higher than 4000 m/min. 
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*J^\\ Vo measure the crystal 1 inity of the undrawn filaments, the yarn has to 
w> O/ L wound after the speed of the bundle has been fixed. The 
/ stallinity of the undrawn filaments (the so-called as-spun product) 
._ V be determined as indicated in this description. As was stated 
earner, the crystal 1 inity of the spun product is smaller than 16*. It 
was \ound that if the crystal 1 inity of the undrawn filaments is 5 to 
14%, \referably 7,5 to 12%, a yarn can be obtained according to the 
proceskof the invention which after it has been made into a cord and 
the cor\ subjected to the conventional treatments known to the skilled 
person & make it suitable for use in rubber articles subjected to 

dynamic \ad. e - g " P neumatic ***** for carS ' Wil1 P ° SSeSS * ""^ 
combinatioV of properties, such as dimensional stability, breaking 

toughness, \nd strength. 

hlso other properties of the as-spun product, such as the 
Vefringence (an s ) , can be measured. As-spun product obtained in the 
,resaid manner preferably has a birefringence in the range of 0,030 
,120, more particularly in the range of 0,040 to 0,080. 

; d the process according to the invention for manufacturing polyester 

Q ^/Alament yarn for technical applications the as-spun product is not 
wound, but drawn immediately after the spinning speed has been fixed. 
TheXbundle is guided from the first pair of godets to a next godet or 
seveVal godets. the so-called second pair of godets. The speed of the 
seconM pair of godets is set such that between the first and the 
seconApair of godets the bundle is drawn 1.3 to 3.5 times, preferably 
betwee\ 1..5 and 2,5 times. To facilitate the drawing of the bundle, 
the bundle may be fixed between the first and the second pair of 
25 godets. \g., with the aid of a drawing point localises The drawmg 
point locaNiser used may be a blower or a cyclone. 

It was found that if the yarn is drawn in one step, it-js advantageous 
to draw the bundle under such conditions that the temperature of the 
30 first pair of godets is below T g+ 60. Drawing the bundle in this way is 
preferably performed with the temperature of the first pair of godets 
selected in the range of 50° to 90°C. 
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The temperature of the second pair of godets is dependent on the 
further processing steps for the thus obtained bundle. 
If the bundle is passed from the second pair of godets to a next godet 
or several godets, the so-called third pair of godets, without being 
drawn between the second and the third pair of godets but rather, say, 
relaxed, the temperature of the second pair of godets preferably is 
selected in the range of 200° to 250'C, more particularly in the range 
of 235° to 245'C. In that case the speed selected for the third pair 
of godets preferably is 0,1 to 10% lower than the speed of the second 
pair of godets. The temperature of the third pair of godets preferably 
is selected in the range of 140° to 200°C. 

of 



ri U is selected in tne ranye u. a.™ 

5 \f the bundle is drawn between the second and the third pair 
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\f the bundle is drawn oeiween me — - — - - - 

VgVts the temperature of the second pair of godets preferably is 
' selected in the range of 50' to 240'C. The speed of the third pair of 
gode\s preferably is 1 to 100% higher than the speed of the second 
m pair\f godets. The third pair of godets preferably has a temperature 

u in thXrange of 200* to 250"C, more particularly in the range of 235' 

'lH 15 to 245 °\. From the third pair of godets the bundle may be passed to a 
° next gode\ or several godets, the so-called fourth pair of godets. The 

speed of t\e fourth pair of godets preferably is 0,1 to 10% lower than 
the speed o\ the third pair of godets. The temperature of the fourth 
2Q pair of godetV. preferably is selected in the range of 140' to 200'C. 

After the bundle has been drawn and, optionally, relaxed and polyester 
filament yarn has been formed, the thus obtained yarn can be wound. 
The winding speed of the yarn is dependent on the spinning speed and 
the overall degree of drawing of the bundle and is larger than 6000 
25 m/min, more particularly in the range of from 6500 to 8000 m/min. The 
apparatus used for winding the yarn should be such as will enable even 
winding of the yarn on a tube at the winding speed, forming an evenly 
made package, and should make a good transfer tail. 

30 The invention also pertains to a polyester filament yarn and to a cord 
obtained by using such polyester filament yarn. 
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Polyester filament yarn obtained by the process according to the 
invention is highly suited to be used as yarn for technical 
applications, e.g., as reinforcing material in hose, rubber articles 
capable of sustaining mechanical load, such as V-belts. conveyor 
belts, and pneumatic tyres, more particularly pneumatic tyres for 
cars, or in tarpaulins. It possesses the following combination of 
advantageous use properties: 

yarn strength 2 650 mN/tex, 

elongation at break > 10%, and 

breaking toughness > 40 J/g. 
The yarn's particularly favourable properties can be shown in treated 
cords made from these yarns. These cords possess the following unique 
combination of properties: 

- breaking tenacity (BT) a 570 mN/tex, 

- dimensional stability (OSF) > 110. and 

- quality factor (Qf) > 50. 

The cords preferably have a quality factor above 100, especially above 
125. more particularly above 150. 

The dimensional stability is calculated from the shrinkage (HAS) as 
per the following equation: 
dimensional stability (DSF) = 185/HAS. 

The quality factor Qf is a measure of the unique combination of these 
cords* breaking tenacity (BT), dimensional stability (OSF), and 
breaking toughness (BTo). 

The quality factor Q f is calculated as per the following equation: 
Q f - (BT-,570) + (DSF-110) + 8x(BTo-55). 

To test this unique combination of properties, the yarn is twisted, 
corded, and dipped using a procedure which is highly suitable for 
comparative purposes and. moreover, fits in well with the tremen s 
such a yarn would be subjected to if it were used as reinforcing 
material in rubber articles. 
This procedure is carried out as follows: 

. on a Lezzeni twister a yarn with a linear density of about 00 
d tex is processed into a HOOdtex x Z335 x 3 S335 
greige cord construction. 
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Vext, there is applied to the resulting greige cord a water- 
lispersed blocked isocyanate. e.g., a dispersion of 5,5 wt.% of 
locked di isocyanate, such as caprolactam blocked methylene 
dUenyl isocyanate, in an aqueous solution of an epoxide, e.g.. 
an\aliphatic epoxide. After this the cord is dried for 120 seconds 
in \ hot-air oven at a temperature of 150-C and under a load of 20 
e mN/t\x. 

5 _ The first drying step is . followed straightaway by a hot drawing 
step. This hot drawing step is carried out in a hot-air oven also 
for 45 seconds, at a temperature of 240»C, and under a load of 70 

H- mN/tex. 

- After the hot drawing step the cord is passed through a second 
, 10 dipping bath filled with a dispersion of 20 wt.% of resorcinol 

formaldehyde latex in water, after which it is dried in a hot-air 
oven for 120 seconds at a temperature of 220°C. 
. During this last drying treatment of the yarn the load selected 
should be such as will give the formed cord a TASE 5% - 185 
mN/tex. in actual practice, this load was found to be in the range 
of 5 to 20 mN/tex. 
The above three greige cord treatment steps can be carried out. e.g.. 
in a single-cord Litzer Computreater dipping unit. 

The properties of cords obtained in this manner can also be attained 
by interpolation of the respective cord properties with a slightly 
(maximally 10%) higher and lower TASE 5% value 

each other. Thus, by linear interpolation to TASE 5% - 185 mN/tex. 
values oan be obtained for the breaking tenacity, elongation at break, 
linear density, shrinkage, and breaking toughness. 

Measuring methods 

The birefringence of the spun product. can be. measured with a 

Jenapo. U polarisation microscope on ten different filaments cut on 
the bias, n accordance with De Senamonfs method. This method s 
described, int. a,., by 0. Felerabend In MellUnd Text, 1 ben chte 

The 97 1 6 ie" 8 1o"nTl,uid used may be dlbutyl phthalate. monochromatic 
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light can be produced with a halogen lamp and a dispersion filter 
(wavelength 558.5 nm) . The average birefringence of ten filaments 
constitutes the birefringence of a sample. 

The crystallinity of the as-spun product, V cs , can be calculated from 
the density of the as-spun product. The density of the as-spun 
product, es . can be determined as follows: 
Jtk three pieces of as-spun product are knotted and cut on either side of 
V / t\ knot, giving a sample length of 0,5 to 1 cm. The samples are 
M ' washed in petroleum ether to remove the finish if any, and then 

9 introduced into a Davenport column containing a mixture of n-heptane 

2 and tSrachloromethane of a temperature of 23°C. which column has a 

5 10 virtually linear density gradient with a range of 80 kg/m3 over a 
! Ti difference^ height of at least 60 cm. Gauge balls of a known density 

% have been \istributed evenly over this range. The position of the 

* gauge ba11s\nd the samples is read six hours after the samples have 

t: been introduced into the column. By fitting the position of the gauge 

« 15 balls to a po\nome of the third degree, the density gradient is 
H determined with\ch measurement. Using the fitted density gradient, 

° the density of the\amples can be determined from the position of the 

samples in the cVumn. The average density of three samples 
constitutes the density of the as-spun product. 
V cs can be determined with the aid of the following formula: 

Vcs ■ (es-ea)/(ec-ea)» 
wherein ea is the density of amorphous polyester (1335 kg/m-J) and ec 

is the density of crystalline polyester (1529 kg/m 3 ). 

In accordance with ASTM 02256 the mechanical properties of the yarn, 
such as breaking tenacity (in mN/tex). elongation at break (in %), and 
breaking toughness (in J/g). can be determined with an Instron 
dynamometer, the length between grips being 50 cm. To prevent 
inter-thread slippage at the clamps, the use of curved clamps is 
preferred in this measurement. The linear density of the yarn is 
preferably determined by weighing. 
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The cord properties are measured after at least 16 hours of 
conditioning in a standard atmosphere in accordance with ISO 139. 
The breaking tenacity (BT in mN/tex). breaking toughness (BTo in J/g), 
and TASE 5% (in mN/tex) of the cord can be determined in accordance 
with ASTM 0885M-85 ("Tire codes, tire cord fabrics, and industrial 
filament yarns made from man-made organic base fibers"), with TASE 5% 
being calculated from the FASE 5 value as per the following formula: 
TASE 5% = (FASE 5(N)/titer (dtex)) x 10 4 , 

with the linear density also being determined in accordance with ASTM 
0885M-85 and corrected for dip pick up (DPU) besides. The dip pick up 
can be determined as specified by BISFA (Internationally agreed 
methods for testing poly^ r filament yarns, 1983 edition). 
3i 10 The shrinkage (HAS in %) of the cord can be determined in accordance 
j t with ASTM 04974-89 (Thermal shrinkage of yarn and cord using the 

in testrite thermal shrinkage oven). 



The relative viscosity of the polymer can be determined by measuring 
the flow time of a solution of 1 g of polymer in 125 g of a mixture of 
2,4.6-trichlorophenol and phenol (TCF/F, 7:10 (m/m)) at 25°C in an 
Ubbelohde (DIN 51562) viscometer, type II (capillary 1.0. 1,13 mm). 
The solution can be prepared by dissolving the sample in TCF/F for 15 
minutes at 135°C. 

The flow time of the solvent is measured under the same conditions. 
Next, the relative viscosity in TCF/F is calculated as the ratio 
between the recorded flow times. 

The OEG content of the polymer can be determined in accordance with 
25 the method described by R. van Wijk and D. Vink in ACS. Org. Coat. 
Plast. Chem. 32 (1972). 178-183. 

^K?\ie carboxyl end groups content can be determined by dissolving about 
: g of polymer sample in 50 ml of o-cresol at 125' ± 2°C for 15 ± 2 
.....rtites. After being cooled to room temperature, the solution is 
diluted with 30 ml of chloroform. After the addition of 0,3 ml of 
indicator solution (1 g of bromocresol green in 250 ml ethanol, 
diluLd with chloroform to 1 1) the solution is titrated (monotone) 
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ith an ethanolic potassium hydroxide solution (0,03 mole/1) at a 
velength of 620 nm (in transmission). The equivalence point 
corresponds to the point of inflection of the obtained titration 
cu\ve. A blank determination is carried out in the same manner. 

, g and T m can be determined with the aid of a Perkin Elmer DSC-7 
differential Scanning Calorimeter. To this end, first of all, the 
tUerature is calibrated at the onset values of the melting of indium 
(fe6 6*C) and zinc (419, 5»C). Next, an aluminium crucible containing 
abiut 4 mg of polyester sample is heated at a rate of 20'C/min to 
29o\c and kept at this temperature for 3 minutes. The crucible and its 
contents are then quickly cooled by chilling in liquid nitrogen before 
beini heated at a rate of 10'C/min. The difference in heat flow 
between this crucible and an empty reference crucible are recorded in 
the firm of a thermogram. The midpoint of the sudden increase in heat 
flow It around 80 a C constitutes the glass transition temperature T g . 
the pe\ik maximum at around 252»C constitutes the polymer's melting 
poi nt 
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Examples 

The invention will be further illustrated with reference to the 
following examples, which are submitted for a better understanding of 
the invention and are not to be construed as being limiting in any 
manner whatsoever. 

Polyester polymer chips with a melting temperature T m of about 253"C 
were spun through a spinneret plate. Situated immediately beneath the 
spinneret plate was a heated tube. After passing through this heated 
tube the formed filaments were cooled with air in a cooling zone 
comprised of a perforated tube. After being passed through the cooling 
zone, the filaments were finished with the aid of a finish wheel. 
Next, the filament speed was fixed by means of 10 lays around two 
godets of equal diameter and equal rotational speed (pair 1). The 
resulting undrawn filaments were immediately passed on to a second 
pair of godets (pair 2). Using a Barmag type CW8 yarn winder the 
15 resulting drawn yarn was then wound through 10 wraps around a third 
pair of godets (pair 3). 

The most important process conditions of different spinning trials are 
given in Table I. In Table II the properties of the resulting 
polyester filament yarns are presented. 

The yarns were used to make cords in a manner described in this 
application. The properties of these cords are presented in Table III. 

Example 4 is a comparative example. The crystal Unity of the as-spun 
yarn is larger than 16%. This relatively high crystallinity of the as- 
spun yarn prevented the material from being drawn to a draw ratio that 
would have resulted in a product with a combination of advantageous 
use properties. 
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Table I 
Process conditions 



AFP 2440 R 



( M m) 



Example 

lymer relative viscosity 
lymer line temperature (°C) 
nneret plate 
ori fices 

- oiMfice diameter 
Heatld tube 

- temperature (°C) 

- length (cm) 
Cool ina air 

- temperature (°C) 

- relative humidity 
Cooling zone 

- length \cm) 

- type 
As-spun ya 
Drawing zon 
Godets pair 

- temperatur 

- peripheral 
Godetspair2 

- temperature 



crystal linity (%) 



(°C) 
locity (m/min) 

•C) 



peripheral velocity (m/min) 
Godets pair 3 

- temperature V 

- peripheral velocity (m/min) 
Winding speed (m/miyn) 

Cooling zone type: 



centre of the tube \han at its ends, 
8 15 cm of the top covtered up, 
C 15 cm of the top not perforated 



1 


2 


3 


A 

4 


c 
3 


e 
o 


2,26 


2,31 


2,23 


2,29 


2,29 




305 


314 


307 


311 


306 




280 


212 


280 


280 


280 


212 


500 


500 


400 


400 


400 


500 


300 


300 


300 


300 


300 


3UU 


28 


28 


20 


20 


20 


24 


40 


40 


20 


20 


ZO 


ou 


65 


65 


65 


65 


65 


65 


75 


75 


90 


90 


90 




A 


B 


C 


C 


C 




7,3 


9 


7 


18 


<1 


12,5 


56 


51 


80 


80 


80 




3344 


3525 


3525 


4525 


2625 


4000 


235 


235 


235 


235 


235 


235 


6700 


7035 


7035 


7425 


6240 


7300 


160 


160 


160 


160 


160 


160 


6690 


7030 


7025 


7415 


6230 


7290 


6482 


6825 


6798 


7200 


6034 


7098 


wal 1 of 


the 


tube 


bei ng 


higher 


at the 



# 



_A£P-2*40^R 
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Table II 

Properties of the resulting polyester filament yarns 



Examhl e 



Yarn ttype 

LinearWnsity (dtex) 
Breaki n\ tenaci ty (mN/tex) 
ElongatiVi at break (%) 
Breaking \oughness (J/g) 
Shrinkage \77°C 



Yarn type: A = 1100f280, B = 1100f212 



1 


2 


3 


4 


5 


6 


A 


B 


A 


A 


A 


B 


1114 


1120 


1109 


1134 


1102 


1115 


704 


694 


689 


619 


701 


662 


13.2 


13,3 


14 


17.4 


13,7 


14,2 


59 


60 


62 


78 


59 


65 


5,4 


5,7 


4,8 


3,7 


5,9 


5,8 



"io , 



Properti 



Table III 
es of the resulting cords 



m 



&5 



U 
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Exampl e 



Linear density Vertex) 
Breaking tenacity (mN/tex) 
Elongation at br-Mk (%) 
Breaking toughnes\ (J/g) 
Shrinkage (HAS) 
DSF 

Qf 



1 


2 


3 


4 


5 


6 


3660 


3693 


3654 


3715 


3593 


3643 


597 


597 


592 


514 


588 


574 


19,1 


19,4 


19,2 


23,6 


17,4 


20,8 


68 


69 


66 


82 


54 


75 


1,55 


1,61 


1,50 


1,34 


1,91 


1,57 


119 


115 


123 


139 


98 


118 


138 


144 


124 


190 


<0 


175 
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